This paper proposes a new total analysis system tRNAS to analyze and manage RNA sequencing (RNA-Seq) data. The method used in the system tRNAS consists of two modules, RNA-Seq Analysis Core Engine and RNA-Seq Browser. RNA-Seq Analysis Core Engine extracts information such as aligned positions and read qualities from the read aligned data, evaluates expression profiling and SNP/Indel statistics, and stores them in a local RNAseq database. RNA-Seq browser compares the corresponding results from the local RNA-Seq database and reports the comparison analysis to the user when a query on a specific gene of two or more samples is detected.
Introduction
With the advent of next generation sequencing technology complete analysis of human genome has been made possible, which comes into open a new realm of Predictive, Preventive, Personalized, and Participatory (P4) medicine [1] . Especially, the development of omics technology, one of the NGS technologies, changes the course of medical service to the area of epigenomic research. Epigenomics is a new frontier research area being currently studied by many research groups. It aims to provide complete analysis of omics data and discover disease-specific epigenic biomarkers.
There are whole genome sequencing, targeted sequencing, ChIP-sequencing (ChIP-seq), and methylation sequencing in the analysis method of human genome using NGS technology. They differ in the scope and the way of analysis. Whole genome sequencing is used to investigate correlation between human disease and phenotype by uncovering the relative impacts of common and rare genetic variants on diseases through the analysis of genetic variants including SNP, Indel, and CNV [2] . Targeted sequencing enables the discovery of the functional variations that are responsible for various diseases by sequencing targeted genes of specific disease group at high coverage level [3] . ChIP-Seq and methylation sequencing aim to find tumor expressor or suppressor genes by analyzing CpG-island methylation [4] .
The 1000 genomes project [5] , a typical project on human genome analysis using NGS releases sequencing data of the genomes of six people of two nuclear families at coverage level higher than 30x. The 1000 genomes project also releases the genomes of 179 people at low coverage (> 2-6x), and the coding regions (exons) of 1000 genes in 697 people at average 50x coverage level. Furthermore, almost 20,000 structural variation regions, 1.5 million SNPs, 1 million short Indels, disease loci, functional elements and segmental duplications have been identified by the 1000 genomes project. The output of the 1000 genomes project is expected to be useful in many research area of human genetics and medicine.
The data generated by NGS technology are quite different from those by conventional technology in sizes and types. The enormous amount of the data up to 100 Gbp per an individual is generated by NGS technology. Furthermore, $1,000 genome is expected to be realized in 2014 [6] . The realization of $1,000 genome will accelerate the generation of individual sequence data. Then, the large scale of NGS data needs to explore break-through in the analysis as well as the management of the data.
RNA sequencing [7, 8] and exon sequencing [9, 10] are considered as the leading technologies for human genome analysis due to their low cost compared to whole genome sequencing. RNA sequencing (transcriptome sequencing) is a technology for monitoring gene expression levels by directly sequencing the mRNA molecules in a sample. On the other hand, exon sequencing (exome sequencing) is a technology for monitoring gene expression levels by sequencing exons. Exons are nucleic acid sequences represented in the mRNA molecules, which code for proteins and occupy 1-2% of human genome. The amount of data generated by RNA sequencing and exon sequencing are currently incessantly increasing. However, research on the development of methods for analysis and management of data generated by RNA sequencing and exon sequencing has not been actively carried out yet. Therefore, it needs immediate interests to develop a total analysis system for the enormous data generated by RNA sequencing and exon sequencing. system consists of two modules, RNA-Seq Analysis Core Engine and RNA-Seq Browser. RNA-Seq Analysis Core Engine aligns RNA-Seq data, extracts information of the aligned data such as aligned positions and read qualities, analyzes structural variations by using the information of the aligned data, evaluates RPKM data, and stores them in a local RNA-seq database. RNA-Seq browser imports the corresponding results from the local RNA-seq database when a query on a gene information is detected. Then, it sums up the related information from the refGene database and reports the comparison analysis between the results from the local RNA-seq database and the related information to the user. This paper consists of five chapters. Chapter Two reviews related studies on next generation sequencing technologies and transcriptome sequence analysis methods. Chapter Three describes the methods used for analyzing RNA-Seq data in RNA-Seq Analysis Core Engine of the proposed total analysis system. Chapter Four presents the proposed total analysis system. Finally, conclusions and suggestions for future studies are discussed in Chapter Five.
Related works

Next Generation Sequencing Technology
Next generation sequencing is a powerful method increasing in popularity for use in metagenomic and transcriptomic analysis [11] . It allows for sequencing of the complete genomic content of a sample without the need to make clone libraries. Therefore, the project of next generation sequencing have been conducting to find biomarkers for several diseases including cancer, cardiovascular disease, metabolic disease, etc., towards personalized medicine [1] . There are Genome Analyzer IIx (Illumina), SOLiD™ (Applied Biosystem), and 454 (Roche) in the typical next generation sequencing platforms. The Genome Analyzer IIx offers a combination of 2 x 150 bp read lengths and up to 640 million pairedend reads per flow cell, enabling a broad range of highthroughput sequencing applications [12] . The SOLiD™ System allows to complete large-scale sequencing and tag experiments cost effectively by amplifing fragmented DNA ligated to 2 generic primers in single-template emulsion PCR with primer-coated beads [13] . 454 sequencing uses a large-scale parallel pyrosequencing system capable of sequencing roughly 400-600 megabases of DNA per 10-hour run on the Genome Sequencer FLX with GS FLX Titanium series reagents [14] . Table 1 provides a list of studies using next generation technologies. Using these technologies, microbial community analysis can be performed in a matter of days instead of weeks or months. One problem with next generation sequencing projects is the handling of massive amounts of sequencing data that must be organized, cleaned up, assembled, and analyzed. For example, sequencing read lengths using the 454 (Roche) instrument are between 100-400 bp in length and the sequencing of an entire genome can generate millions of pieces of sequence that must be assembled. 
RNA Sequencing Data Analysis Methods
The analysis of mRNA has been accomplished by typical conventional methods using EST (expressed Sequence Tag) or cDNA (complementary DNA) to discriminate transcribed genes. However, the analysis of mRNA using RNA-Seq is recently developed and currently receives considerable academic interests because it offers more precise results at lower cost than the conventional methods. Table 2 shows the summary of pros and cons of mRNA analysis methods using RNA-Seq comparing to the conventional methods [7] . As shown in Table 2 , RNA-Seq is considered to be a very powerful tool for the analysis of mRNA. A variety of software tools to serve for different purposes in RNA-Seq data analysis are developed. For example, A RNA-Seq data analysis program Myrna was developed by the research group at the Johns Hopkins Bloomberg School of Public Health [15] . Myrna calculates differential gene expression in large RNA-Seq datasets by using Bowtie, an ultrafast, memory-efficient short read aligner, and R/Bioconductor for statistical calculations. The program Cufflinks, made by the research group led by Lior Pachter at UC Berkeley, assembles transcripts, estimates their abundances, and tests for differential expression and regulation in RNASeq samples [16] . SpliceMap is a splice junction discovery and alignment tool. It offers high sensitivity and supports for arbitrary RNA-Seq read lengths [17] . However, a total analysis and management system of RNA-Seq data has not been actively carried out yet. 
Methods
This chapter describes the proposed RNA-Seq data analysis method used in our total analysis system tRNAS. The proposed method consists of two modules, RNA-Seq Analysis Core Engine and RNA-Seq Browser. RNA-Seq Analysis Core Engine aligns RNA-Seq data, analyzes the structural variations of the RNA-Seq data, and stores the results in the local RNA-Seq database. RNA-Seq browser imports the result from the local RNA-Seq database when a query on a gene information is detected, sums up the related information from the refGene database, and reports the comparison analysis between them to the user. Figure 1 shows an example of a RNA-Seq data file (a FASTA format file) generated by Genome Analyzer IIx of Illumina. Genome Analyzer IIx of Illumina generates short reads of length ranging from 35 to 151 bp. RNA-Seq Analysis Core Engine pipeline workflow operates in four stages. The first stage is for aligning RNA-Seq data on a reference sequence. Here, the human genome Build 36.3 is used as a reference sequence and GSNAP is used as a sequence alignment tool [18] . Figure  2 shows a part of the alignment results of GSNAP. As shown in Figure 2 , each end of a read gets its own block, with the first read starting with ">" and the second read for paired-end reads starting with "<". The blocks contain information such as the read sequence, the number of alignments, alignment segments which represent the regions of continuous one-to-one correspondence (matches or mismatches) between the read sequence and the reference sequence, and the number of mismatches in each alignment segment. A read may be mapped to a unique location or multiple locations in a reference sequence. The former is named unique alignment and the latter is named multiple alignment in this study. A short read often contains homopolymer errors such as calling "AAAAA" as "AAAAAA" or vice versa. Short reads generated by homopolymer run errors cause misalignment or low performance of the sequence alignment.
RNA-Seq Analysis Core Engine
In the second stage, we first filter out the reads that contain homopolymer errors. We then parse the GSNAP alignment results and extract reads which are mapped in unique alignment and have the number of mismatches less than 5% of the read length in the alignment. Here, we call the extracted reads effective reads, and use them for the RNA-Seq data analysis in the third stage.
In the third stage, quantitative assessment on RNASeq data is carried out through gene expression profiling and SNP/Indel extractions. Gene expression profiling measures the amount of effective reads aligned to a specific gene. The amount of effective reads aligned to a specific gene needs to be normalized because the sizes of around 20,000-30,000 human genes are various. RPKM (Reads per Kilobase of exon per Million mapped sequence reads) is applied for the estimation of normalized gene expression values [19] . RPKM is computed as the number of reads which map per kilobase of exon model per million mapped reads for each gene of each tissue or sample, which is expressed as in equation 1. (1) where C is the number of reads mapped to a gene, N is the total number of mapped reads in the experiment, and L is the length in base-pairs of an exon of a gene. SNP/Indel extraction is also carried out by using the algorithm given in Algorithm 1.
NL C RPKM
In the fourth stage, the overall results of the quantitative assessment of RNA-Seq data are stored in the local RNA-Seq database.
Let us explain the SNP/Indel extraction algorithm briefly. In Step 1-2, structure array RefMR is constructed Here, the quality scores are evaluated using the Phred quality score [20] .
In One of the filtering conditions is that RefMR [i] .MB has a candidate SNP base X C which is different from the base stored in RefMR [i] .RB and the number of the base X C is larger than a given threshold T C . The other filtering condition is that the average value of the quality scores in RefMR [i] .MQ is greater than a given threshold T Q . We set the values of the thresholds T C and T Q to 4 and 20, respectively. Therefore, the function SNPCall() updates SNP set {Sp j } if RefMR [i] .MB has a certain base which is different from the base of RefMR [i] .RB and the number of it is larger than 4, and if the average value of the quality scores in RefMR [i] .MQ is greater than 20. Similarly, the function IndelCall() updates Indels set {Sd j } when it detects an Indel at the i th position of S by using the filtering conditions (FCd) of Indels.
Next, in
Step 5, the function ZygosityTest() is called to update {Sp j } and {Sd j } using another filtering condition (FCz) to classify the zygosities of the SNPs in {Sp j } and the Indels in {Sd j }. The filtering condition FCz for homozygous SNPs is that the ratio of the maximum } { max Step5: ZygosityTest({Spj}, {Sdj}, {Nxj,k}, FCz); Step6:
RegionTest({Sp j }, {Sd j }); Step7: return {Sp j }, {Sd j }; Figure 3 shows a result of C/G Heterozygote SNP (dbSNP accession #: rs29028728) call at position 30,019,550 of gene HLA-A on chromosome 6. The first line of Figure 3 presents the reference sequence and the other lines are aligned read sequences. Figure 3 shows 9 of 16 uniquely mapped short reads call 'C' on the position 'G' of the reference sequence. That is, the ratio is 56% (=9/16%) and it is identified as a heterozygous SNP.
RNA-Seq Browser
RNA-Seq browser reports the quantitative assessment results, the gene expression profiling and the SNP/Indel information extractions using RPKMs, SNP set {Sp j }, and Indels set {Sd j } of the RNA-Seq data when a query on a gene information is detected. The gene expression profiling is obtained by comparing the values of RPKM of 
User Interface
The proposed system is implemented using Visual Studio .net version 2008. The database of this system is constructed using MySQL 5.1. The User Interface of this system provides visualized graphs of expression profiles and SNP/Indel comparison results on genes requested by user to improve the exactness of expression differences among exons and comparisons of structural variations. The User Interface of this system consists of a control panel and one or more visualization attribute windows. Figure 6 shows the control panel of the User Interface window of this system. The control panel consists of five areas such as sample selection area, gene selection area, expression profile area, SNP/Indel comparision area, and OMIM area. The selection of normal and tumor samples to be compared is done in the sample selection area. The gene selection area allows for searching genes from refGene DB and selecting one of them. The gene selection area also provides buttons for expression profiling and SNP/Indel list. The expression profile area shows the row count of the expression level and the RPKM value for each exon within the gene selected for each sample (top 
Conclusion
This paper proposes a total analysis and management system tRNAS of RNA-Seq data. The system extracts information such as aligned positions and read qualities from the aligned data, evaluates expression profiling and SNP/Indel statistics, and stores them in a local RNA-seq database. The system also compares the corresponding results from the local RNA-Seq database and reports the results of the comparisons analysis to the user when a query on a gene information is detected. The proposed system provides a complete analysis and management tool of omics data and makes it possible to discover diseasespecific epigenic biomarkers for several diseases including cancer, cardiovascular disease, and metabolic disease.
